Abstract. The hot pressure deformation tests were carried out by using Gleeble-2000 simulator at the temperature of 950 ℃ ～ 1150 ℃ and strain rate of 0.001s -1 ～ 1s -1 for a kind of high strength construction steel 34CrNiMo6 for Crankshafts and the curve of its flow stress were obtained. By studied the data, the flow stress constitutive equation, hot deforming active energy and the Z parameter were obtained. The curve of flow stress of 34CrNiMo6 steel indicated that the flow stress was increased with the decrease of temperature or increase of the strain rate. During the deformation, temperature and strain rate take important effect on dynamic recrystallization and dynamic recovery. It was propitious to dynamic recrystallization with raising temperature or reducing strain rate, and also made for the refinement of grain.
Introduction
34CrNiMo6 steel is the high-strength structural steel. It is the material meeting the German standards, and it is the hardened and tempered steel. It has good comprehensive mechanical properties, which can be widely used in manufacturing the bearing parts with large section and complex shape, such as the bent axle of motor, connecting rod and cam etc. A factory now uses such material to manufacture the bent axle of motor after all-fiber forging. As its thermoplastic deformation behavior affects the product quality (usability and performance) directly, thus it is very important to decide the reasonable thermal deformation parameters for improving the material organization and performance. However, the existing research on such material mainly focuses on the thermal deformation process parameters and heat treatment process etc, the report about researched on thermal deformation behaviors of such material is rare [1] [2] [3] , therefore, in this thesis, the hot compression simulation test is adopted in the research of thermal deformation behaviors of 34CrNiMo6 steel so as to provide the experimental theory for developing plastic processing technology and improving the material organization performance.
Test methods
The 34CrNiMo6 material for test is taken from the φ150mm annealed forging material; the chemical composition is shown in Tab.1. The diameter of the sample is φ10mm. The test is conducted on the thermal simulated test machine of Gleeble-2000 type. The argon is adopted as the protective gas to reduce the oxidation in deformation, and the graphite is filled as the lubricant in both ends of the sample to achieve the nearly uniform deformation of the sample. At first, the sample is heated to 1200℃ with heat preservation of 5min, and then cooled to the test temperature in the speed of 5℃/s with heat preservation of 20s, and the temperature gradient generated in the temperature changing process is eliminated. The deformation temperatures of this compression test shall be: 950℃, 1000℃, 1050℃, 1100℃ and 1150℃; the deformation rates shall be: 1S . The maximum true strain is 0.9. Fig. 1 is the stress-strain curve under the test conditions of 34CrNiMo6 steel. According to the figure, the flow stress is increased with the decrease of deformation temperature and the increase of strain rate. Because under the same strain rate, when the temperature is increased, the dynamic softening speed is increased, and if the softening degree is enlarged, the peak stress and steady flow stress shall be decreased; however, when the deformation temperatures are the same and the strain rate is increased, then the rate of work hardening shall be increased as well, and the peak stress and steady flow stress shall be increased correspondingly. When the strain rate is low, obvious peak occurs in the curve (Fig.2a,b) , which is presented as dynamic recrystallization type curve; and when the strain rate is 0.1S -1 , the peak value ( Fig. 2c ) only occurs in the curve when the temperature increases to 1050 ℃ or above, and dynamic recrystallization occurs. When the temperature is lower than 1050 ℃ , the deformation process only has dynamic response; when the strain rate is increased to 1S -1 , no obvious peak value in curve under all temperatures (Fig. 2d) , and only dynamic response occurs in the deformation process, which is presented as dynamic response curve. Therefore, in the deformation process of such material, the higher the temperature is, the lower the strain rate shall be, and it is good for dynamic recrystallization, so that the grain refinement of material, organization and performance can be improved. a. According to relevant researches, the flow stress of the material is not only connected to the chemical components, but also related to parameters such as strain rate and deformation etc. According to researches on different hot working parameters, the following function relationship [4] [5] exists between the flow stress and the deformation conditions:
Stress-strain analyses
Where,  is the deformation rate, σ is the peak stress or steady-state flow stress (the peak stress in this paper), Q is the deformation activation energy (reflect the complexity of thermal deformation), A, R and n are the constants, and T is the deformation temperature.
Where, when the stress is low (ασ≤0.8), sinh(ασ)n in the equation (1) can be simplified into σn. When the stress is high (ασ＞1.2), sinh(ασ)n in the equation (1) can be simplified into exp(βσ); where α＝β/n, n and β are constants [6, 7] .
During the high-temperature deformation process of the metal, to indicate the influence of deformation temperature and stress rate on the thermal deformation process, the ZenerHollomon parameter [8] is introduced (the stress rate factor with temperature compensation: Z parameter):
Substitute two simplified methods in equation (1) into (1), we can know that:
Take the logarithm in both sides of equation (3) and (4):
Under given temperature: seek the partial derivative on  ln in (5) and (6) separately, then:
Plotting the data obtained from thermal simulation compression test according to equation (7) and (8), which is as shown in Fig.2: a. Take the logarithm in both sides of equation (1):
When  is constant, seek the partial derivative on 1/T in equation (5), we can know that:
When T is constant, seek the partial derivative on  in equation (9), we can know that:
( 1 1 ) According to equation (10) and (11),
can be all in linear relation; relation curve made according to test data is shown in Fig. 3 and Fig. 4 : Carry out linear regression analysis of Fig.3 and Fig.4 ; the obtained activation energy Q of hot deformation and other constant data are shown in Table 2 : According to equation (1) and (2), there is: From Fig.5 we can see, all data got from the test are near the regression straight line, which shows that the linear correlation is in high degree; the test data well reflected equation (12) that with the increase of deformation temperature and the decrease of strain rate, the parameter value of Z is decreasing, the peak stress is also decreasing, while dynamic recrystallization is also liable to come up. Calculate the intercept of this regression straight line, and lnA can be got, while constant A＝2.35×1016 in equation (13) During the deformation process, both the deformation temperature and strain rate play an important role in dynamic recrystallization and dynamic recovery of 34CrNiMo6 steel; while whether the increase of deformation temperature or decrease of strain rate is good for the appearance of dynamic recrystallization and grain refinement of deformed materials in the deformation process.
